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Arobotis an autonomous system
which exists in the physical world,
can sense Its environment,
and can act on it to achieve some goals

Maja JMataric, TheRoboticrimer The MIT Press, 2007
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Maja JMataric, TheRoboticPrimer The MIT Press, 2007
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A Introductionto robot mechanics
A Definition ofdegreeof freedom(DOF)
A Definition of robotmanipulator
A Jointtypes
A Manipulatortypes

A Definitionsof joint spaceand Cartesiarspace
A Robot position in joinspace
A Robot position irCartesiarspace
A Definition ofworkspace
A Direct and invers&inematics
A Kinematicdransformations
A Concepif kinematicredundancy
A Recalbf transformationmatrices
A DenavitHartenbergrepresentation
A Algorithm
A Examples

ReferencedBajd Mihelj, Lenarci¢StanovnikMunih, Robotics Springer, 2010: Chapters21l



ey Degreeof Freedom(DOF)

INSTITUTE

| Scuola Superiore
g ) Sant ' Anna

1 DOF \

Fig. 1.1 Two examples of systems with one degree of freedom: mass particle on a wire (left) and
rigid pendulum in a plane (right)
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Fig. 1.2 Examples with two (left) and three degrees of freedom (right)
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Total Degrees Controllable Degrees

A CONTROLLABLE DOFs: of Freedom of Freedom

an actuator for every DOF ﬁ

A UNCONTROLLABLE DORs
ContrO”able. [X, Y, Z, r0||’ pitch, yaw]

DOFs that are not

X, y, J]
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A HOLONOMIGEDOF = TDOF
When the total number of controllable DOF is equal to the total numt
of DOF on a robot (or actuator), the ratio is 1, and the robot is said fc
holonomic Aholonomicrobot or actuator can control adif its DOF.

A NONHOLONOMICDOF < TDOF
When the number of controllable DOF is smaller than the total numb
of DOF, the ratio is less than 1, and the robot is said todmolonomic
A nonholonomiaobot or actuator has more DOF than it caontrol.



Degreesnf Freedom(DOF$ of arigid body

THE BIOROBOTICS
INSTITUTE

\ Scuola .\'H[H"'iul't'
/ Sant’Anna
3 translations 2 rotations 1 rotation
- 4 .
~
L ./
—

POSE

Asingle mass particle has three degrees of freedom, described by three rectangular displacements along a line call
translations (T).

We add another mass particle to the first one in such a way that there is constant distance between them. The seco
particle is restricted to move on the surface of a sphere surrounding the first particle.

Its position on the sphere can be described by two circles reminding us of meridians and latitudes on a globe. The
displacement along a circular line is called rotation (R).

The third mass particle is added in such a way that the distances with respect to the first two particles are kept dans
this way the third particle may move along a circle, a kind of equator, around the axis determined by the first two par
A rigid body therefore has six degrees of freedom: three translations and three rotations. The first three degrees of f
describe the position of the body, while the other three degrees of freedom determine its orientation.

The term pose is used to include both position and orientation.
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A degree of freedoniDOF) is any of the minimum
number of coordinates required to completely specify
the motion of a mechanical system.

DOFs of a rigid body in 3D space:

A 6 DOFs:
A 3 TRANSLATIONAL DQF; z
A 3 ROTATIONAL D@®@8l, pitch, yaw
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A Definition:open kinematic chain

A Sequence of rigid segments, or
links,
connected through revolute or
translationaljoints, actuated by a

™ ___FElbow Joints  Motor

A One extremity is connected to a
supportbase the other one is
free and equipped with a toaol,
namedend effector

Shoulder/
Joints
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A Joint= set of two surfaces that can slide, keeping
contact to one another

A Couple jointlink = robotdegree of freedom (DOF)

A Link 0= support base and origin of the reference
coordinate frame for robot motion
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; _ Eachoint givesl DOFeither rotational
A robot manipulator consists of a or translational

robot arm, wrist, andgripper.

The task of the robot
manipulator is to place an object
grasped by the gripper into an
arbitrary pose In this way also
the industrial robot needs to
havesixdegrees of
freedom.

gripper

The segments of the robairm are
relatively long. The task of the
robot arm is to provide the desirec
position of the robot end point.
The segments of the robotrist

are rather short. The task of the
robot wrist is to enable the
requiredorientation of the object
grasped by the robot gripper.
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RotationalJoint Translationalloint

(revolute) (prismatiq
The relative - The relative
position of 2 s position of 2 links
links is Is expressed by a
expressed by distance d
an angle g -

+ angle of rotation

-

joint axis joint axis -
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Fundamental categories:

ToTo Tol» I

Rotational (3 or more rotational joint§)RRR

(also nameanthropomorphi¢

Spherical (2 rotational joints and 1 translational jo@BRT
SCARA (2 rotational joints and 1 translational jajiRRT
(with 3 parallel axes)

Cilindrical1 rotational joint and 2 translational jointg)RTT
Cartesian (3 translational jointg)TTT



Anthropomorphic Spherical SCARA

RRT

Cartesian
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A Joint spacdor configuration space) is the space in
which the g vector of joint variables are defined.
Its dimension is indicated with N
(N = number of joints in the robot).

A Cartesian spacéor operational space) is the space |
which the x = (pE )" vector of the endeffector
position is defined.

Its dimension is indicated with M (M=6).
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A qis the vector of the robot position in joint space.
It contains the joint variables,
It has dimension N x 1,
It Is expressed in degrees.

THE BIOROBOTICS
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A x = (p,F)Tis the vector of the robot position in

Cartesian space.

It contains:

A p, vector of Cartesian coordinates of the end effector,
which has dimension 3xX,{/,zcoordinates).

A F, vector of orientation of the end effector,
whichhas dimensior3x1 foll, pitch, yaw angles).



mpmees  R0ODOt Manipulator

INSTITUTE

EX. (O 7m,0.1m,0. 5m 1945 5)



